After retirement, the primary sources of uncertainty with respect to an individual's economic status are longevity, investment outcomes and out-of-pocket spending on health care. In previous work, we estimated economic preparation for retirement, taking into account the risk of living to an advanced old age and the concomitant risk of running out of resources. But while we accounted for the average level out-of-pocket spending for health care, we did not account for the risk of out-of-pocket spending. In this paper we augment our model for this omission. We find that the risk of out-of-pocket health care spending reduces economic preparation for retirement from about 72% of persons in the age range 65-69 to about 63%. However, this relatively modest reduction is quite unequally distributed: about 57% of single persons are adequately prepared when health care spending is not stochastic, but just 44% when it is. Among single women who are not high school graduates the percentage adequately prepared declines from 33% to 15%.
Introduction
After retirement, the primary sources of uncertainty with respect to an individual's economic status are longevity, investment outcomes and out-of-pocket spending on health care. A person may be well-prepared if outcomes in these three areas are average. In that case, for example, he or she may have sufficient resources to live to life expectancy or afford average out-of-pocket spending for health care services for the rest of his or her life. But should that person live substantially longer than life expectancy or experience health shocks that require above-average spending on health care, he or she may prematurely deplete available resources.
In previous work, we estimated economic preparation for retirement, taking into account the risk of living to an advanced old age and the concomitant risk of running out of resources (Hurd and Rohwedder, 2008a) . Our method was to estimate empirical lifecycle consumption paths on the basis of panel data on total spending. The data came from the Consumption and Activities Mail Survey (CAMS)-a random subsample of HRS households. Our estimations of life-cycle consumption paths accounted for age, sex, martial status, and education. We used the latter as a proxy for variation in mortality risk, which influences the shape of life-cycle consumption paths. We asked whether, in a sample of 65-69 year-olds, economic resources could support with high probability the life-cycle consumption path anchored at the initial level of consumption until the end of life.
This prior work explicitly accounted for mortality risk. Doing this is important for at least three reasons: First, economic resources only have to last for a finite number of years, which means that wealth can be spent down. In other words, income alone is not an adequate measure of economic preparation for retirement: wealth also needs to be taken into account. Second, most people enter retirement as married persons, but eventually one of the spouses dies. The surviving spouse has reduced spending needs, so that the total required lifetime resources will be less than those projected from the spending of a couple. Third, because the well-to-do survive longer than the poor, their resource requirements will be relatively larger. Our research took these aspects of mortality risk into account via simulation, where the probability of dying depended on age, marital status, sex, and education.
We found that a substantial majority of those just past the usual retirement age are adequately prepared for retirement, in that they will be able to finance a path of consumption that begins at their current level of consumption and then follows an agepattern similar to that of current retirees. This is not true, though, for all groups in the population. In particular, almost half of singles without a high school education will be likely to be forced to reduce consumption. Couples are much better prepared than singles.
But because of taxes, a substantial number of married college graduates will also have to reduce consumption.
The model we used for this work did not account for health-care spending risk, however. Although our spending levels included mean spending on health care and the slopes of the consumption paths depended on changes in mean spending with age, the model did not permit a household to experience an individual shock to health care spending that would deplete its assets. To investigate this factor, we initiated a second line of research: estimation of the risk of out-of-pocket spending for health-care costs.
The Health and Retirement Study (HRS) 2002 and 2004 contained some reports of very large amounts of out-of-pocket spending . Such out-ofpocket expenses will have a profound influence on saving. If these are the risks that people actually face and people know that these are the risks, they will aim to accumulate considerable buffer stock savings to guard against such costs. To the extent that households have not accumulated this level of wealth, they are not adequately prepared financially for retirement.
The goal of this paper is to explicitly account for the risk of large out-of-pocket spending on health care. Our method is similar to that of our previous paper, except that individuals and households are subject each year to a random expenditure on health care.
We draw these spending shocks from the empirical distribution of out-of-pocket spending in HRS 2008. Because they can be large, in some cases, they can reduce the wealth of an individual or household to zero. The increase in the variance in spending, rather than an increase in the mean, will reduce the percentage of persons and households adequately prepared for retirement.
Data
Our analyses are based on data from the HRS and data from the CAMS. The HRS is a biennial panel. Its first wave was conducted in 1992. The target population was the cohorts born in 1931 -1941 (Juster and Suzman, 1995 . Additional cohorts were added in 1993 and 1998, so In September 2001, CAMS wave 1 was mailed to 5,000 households selected at random from households that participated in HRS 2000. In couples households, it was sent to one of the two spouses at random. The fact that the CAMS sample was drawn directly from the HRS 2000 population allows the CAMS data to be linked to the vast amount of information collected in prior waves of the HRS on the same individuals and households. In September 2003 and October 2005, CAMS waves 2 and 3 were sent to the same households.
1 The structure of the questionnaire was almost the same in each of these two waves, to facilitate panel analysis. In this paper, we will use CAMS data from waves 1, 2, and 3.
CAMS asked respondents about their spending in each of 32 categories. This elicits almost the totality of spending according to the Consumer Expenditure Survey.
The rates of item nonresponse in CAMS were small. Some values could be imputed to zero with considerable confidence, due to the information in the linked HRS data. For example, some homeowners (as recorded in the HRS) did not report a value in CAMS for "rent"; those responses were imputed to zero. 2 The resulting spending levels are close to totals from the Consumer Expenditure Survey (CEX) for the age groups 55-74. 3 CAMS shows higher spending levels among those 75 or over. There is no apparent reason for seeing this difference in this age group, but not in the younger age group. For the HRS population, however, we believe the higher CAMS totals are more accurate because they provide a better fit to observed rates of wealth decumulation at older ages. 
Methods
Our approach relies on simulating consumption paths over the remaining life cycle for a sample of households observed shortly after retirement. For this purpose, we need two things: first, the initial level of consumption, which we observe directly in the CAMS data; and second, the slope of the consumption path, which we estimate from panel transitions observed in CAMS wave 1 to 2 and CAMS wave 2 to 3.
We construct life-cycle consumption paths for each household. We begin with the observed consumption level at retirement age. We then apply the observed rates of change to trace out a life-cycle path whose slope is given by the estimated rates of change. Whereas a model based on a particular utility function would specify that the slope of the consumption path depends on the interest rate, the subjective time-rate of discount, mortality risk, and utility function parameters, we instead estimate these slopes directly from the data. Practically all model estimation uses the constant-relative-riskaversion utility, which specifies that the slope of log consumption is independent of the level. But observed consumption paths do not necessarily have that shape and in this study, we do not impose it on them. Accordingly, while our estimations are model-based in that we use the framework of lifetime utility maximization, they are essentially nonparametric, in that we allow the data to directly determine the consumption path.
Single persons
We first consider the case of single persons. The consumption path is anchored at the initial post-retirement consumption level and follows the path given by the slopes of consumption paths that we have estimated from the CAMS panel data on single persons. We take into account uncertainty about the length of life by running a number of simulations of the life-cycle path for each person. In each simulation, a person will survive from one period to the next with some probability. We construct that shock from HRS data on out-of-pocket spending for health-care services.
Couples For couples, our basic method is similar. However, the consumption path a couple follows while both spouses survive will differ from the consumption path of single persons, so we estimate it separately from the CAMS data. The couple will follow that consumption path as long as both spouses are alive, and then the surviving spouse will switch to a single person's consumption path. We estimate the shape of the single's path from the CAMS data. But the surviving spouse's level of consumption will depend on returns-to-scale in consumption by the couple. Upon the death of one spouse, the surviving spouse will reduce consumption to the level specified by the returns-toscale parameter. We assume a returns-to-scale parameter consistent with the literature and with practice. For example, the poverty line specifies that a couple with 1.26 times the income of a single person who is at the poverty line will also be at the poverty line.
This implies that consumption spending by the surviving spouse should be 79% of spending by the couple in order for the surviving spouse to achieve a comparable level of effective consumption after widowing.
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Having determined the surviving spouse's consumption path, we find the expected present value of consumption for the lifetime of the couple and the surviving spouse. We compare population averages of the expected present value of consumption with average resources at retirement to find whether the cohort can finance the expected consumption path. We also determine the fraction of households that can finance their expected consumption path with, say, a 95% probability, and by how much a household would have to adjust consumption to minimize the chances of running out of wealth towards the end of the life cycle.
Differential Mortality
A large body of literature on the gradient between socioeconomic status (SES) and health documents that individuals with high SES, such as higher levels of education, live longer than those with low SES. Because households are not fully annuitized, longlived households have to be prepared to finance consumption over a longer remaining time horizon. We take this into account in our simulations by applying survival probabilities that differentiate by education, as well as by age, sex, and marital status.
Given the extended time horizon to which they are subject, high SES households may also follow different consumption paths than low SES households. Economic theory predicts a flatter consumption path when mortality risk is lower. Consequently, we also stratify by education when estimating the consumption paths for singles and couples.
We obtain our estimates of differential mortality from seven waves of HRS data spanning the years 1992 to 2004. We estimate the probability of survival at time t+1 conditional on being alive at time t, pooling the six transitions we observe in the HRS.
The logit model yields the estimates shown in Table 1 for separate estimations for males and females as a function of age, marital status, and education. For men and women alike, the survival odds increase with more education, but the profiles are different: For men, there is a large gain from completing college-much larger than the gain for women. Among males, the odds for college graduates of surviving between waves are 79% higher than the odds for high school dropouts.
From these estimates, we construct survival curves by sex, marital status, and education. We then normalize these to life tables so that the average survival probability,
given age and sex, equals that given in the life tables.
Estimation of consumption path
Because survival differs by age, sex, and education, the slope of the consumption path should vary by those characteristics. Therefore, we estimate the model categories for the male spouse because of small sample size in the top age category. In addition, we enter an indicator variable for whether the female is younger than her spouse by five or more years. We observe 4,913 consumption transitions among couples, where one spouse is age 66 or older and the other is at least age 62 or older. We also have four education categories: less than high school, high school, some college, and college graduate. We estimate by median regression, because observation error on consumption produces large outliers in the left-hand variable-which makes OLS estimates unreliable. Table 2 has the fitted values of the percentage change in consumption by couples.
The rate of change of consumption is small and negative, and becomes smaller with age.
There is little variation with education even though, conditional upon age, education is an indicator for longevity. 6 According to economic theory, the rate of decumulation should be smaller when the spouse is substantially younger. We account for this with an indicator variable for when the wife is younger than the husband by more than five years; however, the effect is the opposite of the theoretical prediction.
Consumption by single persons declines at a greater rate than consumption by couples. The rate accelerates with age, becoming quite high at advanced old age (Table   3) . Furthermore, consumption declines at a greater rate among the less educated (in line with the theoretical predictions). We assume that withdrawals from tax-advantaged accounts will be made when spending exceeds income, and that the amount withdrawn will be proportional to the value of the tax-advantaged account relative to the value of post-tax accounts. We also account for the minimum required withdrawal after the age of 70 and a half. Out-of-pocket spending on prescription drugs is particularly difficult to measure in a household survey because of the heterogeneity in purchasing patterns. Some people take a particular medication on a regular monthly basis; for them, a single question about monthly spending will (when annualized) give a good estimate of yearly spending. Other people take drugs only infrequently in response to a health event; for them, spending may be substantial during a health incident. Annualizing spending from a particular month will result in no spending among those not experiencing a health incident during the queried month-which would the majority, and a very large value among the small group that happened to have a health incident during the queried month. The population average will be accurate, but the process will generate large outliers.
The HRS in 2004 asked those who say they "regularly take prescription In order to convert this monthly amount to a two-year measure one would multiply the monthly amount by 24. Error can be introduced if respondents report actual spending in the last month or two, even though spending is episodic. More serious error would occur if a respondent reported a yearly, rather than a monthly amount. It is likely to be difficult for a respondent to remember the details of spending over a 24-month period and be able to report an average monthly amount.
Because both MCBS and MEPS devote a considerable amount of effort to measuring out-of-pocket spending on prescription drugs, one could reasonably presume that the measurements they provide are more accurate than in the HRS. However, for our purposes, it is highly desirable to be able to use data from the HRS because of its linkages to respondents' personal and household characteristics. We find a solution to this dilemma in modifications made in more recent waves of the HRS. 
Results
Because we want to observe Social Security and pension income, we select a sample of respondents who have recently retired and are old enough to be likely to be receiving Social Security if they are eligible. For single persons, we select individuals who are 66-69. We select couples that meet several criteria: one spouse is 66, 67, 68, or 69, and the other is 62 or older; they were respondents in CAMS wave 1, 2, 3, or 4; and they were a couple in the HRS surrounding waves. We include the age restriction on the younger spouse because spouses younger than 62 would not yet be receiving Social Security benefits. This would cause us to miss a significant fraction of retirement resources.
We perform 20 simulations of the consumption and wealth paths of each married person in the age range 66-69. By consumption, we mean the couple's consumption as long as both spouses survive and then the consumption by the survivor. Although we begin with 886 households as shown in Table 2 , we only have 1092 married persons who are age eligible (66-69), the other spouses being outside the specified age range. The economic circumstances of the 1092 age-eligible persons enter the tables. In these simulations, we use the poverty line returns-to-scale and assume that the annuity of the survivor is 0.67 times the annuity of the couple. Tables 6 and onward and single households at baseline, as well as their characteristics. Our initial results do not include health-spending shocks; these we will report later in a comparative context. Table 4 shows that in 84% of the simulations, the surviving spouse dies with positive wealth and those with more education are more likely to have positive wealth at death. Initial average wealth, the average present value of earnings, and the average present value of annuities for couples total about $1.2 million. The present value of consumption is about $540 thousand; the present value of taxes is $190 thousand.
Average economic resources exceed average spending (including taxes) by about $470 thousand. We call this value "excess" wealth.
At least on average, couples are well prepared financially for retirement. The median of the household-level amount of excess wealth is about $252 thousand, indicating that the household of the median person is also well prepared. As would be expected, the measures increase strongly with education, but even those persons with less than a high school education are, at the median, adequately prepared.
For singles, the results are much less optimistic (Table 5 ). In 62% of the simulations, wealth is positive at death. Median excess wealth is just $51 thousand, and in the lowest education band it is essentially zero. Table 6 shows that overall, about 80% of married persons are adequately prepared. The average for males is lower than that for females-somewhat surprising because husbands typically die before wives and accordingly, are more likely to die before assets have been depleted. However, it should be kept in mind that there are 886 households in our sample, yet just 1092 individuals. The implication is that in 62% of these households, only one of the spouses meets our selection criteria for being age 66-69. Consequently, the males and females generally come from different households.
These different households have different economic resources and have chosen different
initial consumption levels, which may account for the lower average among males than females.
Among singles, about 51% are adequately prepared financially for retirement (Table 7) . Here there were significant differences by sex: In the lowest education band of singles, only 39% of women are adequately prepared, compared with 67% of men.
Combining the results for men and for women, we find that, according to this metric, about 72% of persons are adequately prepared financially for retirement. There is a sharp variation by educational status: only 56% in the lowest education category of men and women combined, compared with 80% in the highest.
We put consumption shortfalls or excesses in a probabilistic framework. As a rough utility indicator of the magnitude of a shortfall, we say that financial preparation is adequate if a reduction in consumption of 15% would permit the (reduced) consumption path to be financed. In this sense, we say that an individual is inadequately prepared if he or she would need to reduce initial household consumption by 15% or more to keep the chance of running out of wealth to 5% or less. Table 8 shows that, in these terms, among married persons, about 85.6% are adequately prepared, and females are slightly more likely to be prepared than men. Even among high school drop-outs, about 76% are adequately prepared. Among singles (Table 9 ), in contrast, the overall rate is 66%. A particularly inadequately prepared group among singles is females in the lowest education category: Just 43% are adequately prepared.
Accounting for health spending shocks
In each time period, we make a random draw from the observed distribution of out-of-pocket spending in HRS 2008. After normalizing it to have mean zero, we add it to spending by the single person or couple in that period. If the normalized out-of-pocket spending is below average, the shock will increase wealth from its predicted path; if the normalized spending is above average the shock will reduce wealth. Should the shock be large enough to reduce wealth to zero, that person or household will have run out of wealth before the end of life. For theoretical and empirical reasons in our simulations we have disaggregated by sex, marital status, age and education, and we also do so for health spending shocks: the distribution from which the spending shock is drawn depends on those same personal characteristics. On average spending with the shocks will be the same as spending in the absence of the shocks as long as wealth is positive. However, the shocks will increase the variance of predicted wealth. Persons with negative shocks will die with more wealth than previously. Some persons with positive shocks will have their wealth driven to zero before they die and so will not be adequately prepared for retirement.
9 Table 10 shows the percentage of married persons that have a high probability of dying with positive wealth in the absence of health spending shocks, which is copied from Table 6 , and the percentage that have a high probability in the presence of health spending shocks. Overall the health spending shocks reduced economic preparation for retirement among couples by three percentage points. The reduction is large among the less-well educated because they had a relatively smaller amount of wealth to buffer against shocks. Economic preparation among females in the lowest education category is estimated at just 65%.
Among singles the effect of health care spending shocks is substantially greater because of a lower level of wealth against which to buffer the shocks (Table 11 ). Overall economic preparation fell by 9.3 percentage points and among women in the lowest education category it fell by 13 percentage points to just 19.8%. Table 12 has results for couples when the metric for economic preparation is based on a reduction in consumption of less than 15%, and table 13 has similar results for single persons. The reductions in the percentage of persons adequately prepared are similar to those based on wealth but the levels of economic preparation are higher. But even allowing a reduction in spending of 15%, just 30.5% of single women in the lowest education category are adequately prepared. Thus a substantial majority will have to reduce their consumption by more than 15% at some point in their lifetimes.
Serial correlation in out-of-pocket spending for health care
People who have chronic conditions are likely to have greater than average spending on heath care each year, which induces serial correlation in out-of-pocket spending. Serial correlation increases the likelihood that someone will have several successive years of high spending, and, hence, that his or her wealth will be spent.
At the household level we estimate a model of out-of-pocket spending by marital status specified as follows: is carried over. This is likely due to the increase in chronic conditions. Table 15 has similar results for single persons. About 67% of spending is carried over from one year to the next for the reference group. There is some variation with personal characteristics, but it is small and not statistically significant.
To simulate serially correlated out-of-pocket spending we note that in a simple The preceding applies to each group defined by age, education, sex and marital status: each group has its own distribution of a s and its own value of ρ . We use the results in Tables 14 and 15 to calculate ρ for each individual. were adequately prepared. This reduction is in sharp contrast with the findings for college graduates where there was no change associated with a serial correlation in outof-pocket spending on health care.
Conclusions
Stochastic variation in out-of-pocket spending for health care changes quite 
